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Macro BIM adoption: Comparative Market 21 
Analysis 22 
Abstract 23 
The adoption of Building Information Modelling (BIM) across markets is a pertinent topic for academic 24 
discourse and industry attention. This is evidenced by the unrelenting release of national BIM initiatives; 25 
new BIM protocols; and candidate international standards. This paper is the second part of an ongoing 26 
Macro BIM Adoption study: the first paper “Macro BIM Adoption: Conceptual Structures” (Succar and 27 
Kassem, 2015) introduced five conceptual models for assessing macro BIM adoption across markets and 28 
informing the development of BIM adoption policies. This second paper clarifies how these models are 29 
validated through capturing the input of 99 experts from 21 countries using a survey tool; highlights the 30 
commonalities and differences between sample countries with respect to BIM adoption; and introduces 31 
sample tools and templates for either developing or calibrating BIM adoption policies. 32 
Survey data collected indicate that all five conceptual models demonstrate high levels of ‘clarity’, ‘accuracy’ 33 
and ‘usefulness’, the three metrics measured. They also indicate (1) varying rates of BIM diffusion across 34 
countries with BIM capability near the lower-end of the spectrum; (2) varying levels of BIM maturity with - 35 
the mean of - most macro BIM components falling below the medium level;  (3) varying diffusion dynamics 36 
across countries with the prevalence of the middle-out diffusion dynamic; (4) varying policy actions across 37 
countries with a predominance of the passive policy approach; and (5) varying distribution of diffusion 38 
responsibilities among player groups with no detectable dominant pattern across countries. 39 
The two papers provide an opportunity to improve our understanding of BIM adoption dynamics across 40 
countries. Future research can build upon the models and tools introduced to enable (a) an expansion of 41 
benchmarking data through surveying additional countries; (b) identifying BIM adoption changes in 42 
surveyed countries over time; (c) correlating changes in adoption rates/patterns with policy interventions; 43 
(d) identifying BIM policy variations within the same country; (e) establishing statistical correlations 44 
between the conceptual models; and (f) developing new tools to facilitate BIM policy development and 45 
encouraging BIM adoption. 46 
Keywords: Macro Adoption Models; BIM Adoption Benchmarks; BIM Policy Development; BIM Framework. 47 
1. Introduction 48 
Building Information Modelling (BIM) causes concurrent evolutionary and revolutionary changes across 49 
several scales within the organisational hierarchy ranging from individuals and groups; through 50 
organizations and project teams; to industries and whole markets (Succar, 2010). Investigating the role BIM 51 
adoption plays at the largest organisational scales (i.e. countries or markets) has recently started to attract 52 
the attention of researchers. As a delimited area of research, investigating the implementation and 53 
diffusion of BIM within a country or across countries is referred to here as ‘macro BIM adoption’; with 54 
‘macro’ denoting a large collections of organisational adopters operating within a defined national border; 55 
‘BIM’ encapsulating a set of interacting technologies, processes and policies; and ‘adoption’ representing 56 
the combined connotations of readiness, implementation and diffusion. 57 
Kassem, M and Succar, B. (2017) Macro BIM adoption: Comparative market analysis, 
Automation in Construction, Available online 3 May 2017, ISSN 0926-5805, 
https://doi.org/10.1016/j.autcon.2017.04.005.  
 
3 
 
While many countries are investigating, developing or delivering a national BIM policy to facilitate BIM 58 
adoption across their respective markets, there is still a dearth of studies and methodologies for assessing 59 
and comparing existing policies, or for assisting in the formulation of new ones. With the absence of 60 
researcher-led, evidence-based approaches to macro BIM adoption, commercially-driven surveys have 61 
flourished. These include a multiplicity of industry reports with data covering BIM diffusion in the UK, 62 
France and Germany (McGraw-Hill-Construction, 2010); Autodesk software uptake in Europe (Autodesk, 63 
2011); BIM diffusion in the U.S. and Canada (McGraw-Hill-Construction, 2012); BIM diffusion in the UK 64 
(NBS, 2013) (NBS, 2014)(NBS,2016); The Business Value of BIM in Australia and New Zealand (McGraw-Hill-65 
Construction, 2014); and many others. In addition to these industry reports, many researchers have also 66 
conducted market-wide surveys but with heightened rigour and sturdier data collection methodologies. 67 
These studies covered a large number of countries, including: Australia (Gu & London, 2010), China (Cao, Li, 68 
& Wang, 2014), Finland (Lehtinen, 2010), Iceland (Kjartansdóttir, 2011), India (Luthra, 2010), South Africa 69 
(Froise & Shakantu, 2014), Sweden (Samuelson & Björk, 2013), Taiwan (Mom, Tsai, & Hsieh, 2011), United 70 
Kingdom (Khosrowshahi & Arayici, 2012), United States (Gilligan & Kunz, 2007) (Liu, Issa, & Olbina, 2010), 71 
and multi-markets (Smith, 2014) (Panuwatwanich & Peansupap, 2013) (Wong, Wong, & Nadeem, 2010) 72 
(Zahrizan, Ali, Haron, Marshall-Ponting, & Abd, 2013). 73 
While both industry surveys and academic studies provide valuable insights into BIM diffusion rates across 74 
markets, they are not intended to evaluate or compare current BIM policies or to assist stakeholders to 75 
develop new BIM adoption policies. To address this gap, a research effort has been conducted and 76 
consecutively published. The first paper (Succar and Kassem, 2015 – referred to as Paper A henceforth) 77 
introduced five conceptual models for assessing macro BIM adoption across whole markets and aiding the 78 
development of new policies. This second paper (referred to as Paper B henceforth) will build upon the 79 
conceptual foundations by using the five models to analyse BIM adoption across 21 countries with the 80 
participation of 99 experts. It will then demonstrate how these conceptual models can be combined into 81 
BIM policy roadmaps and BIM policy plans. 82 
2. Key Terms and Concepts  83 
This research investigates aspects that are pertinent to the adoption of BIM at country-level or market-84 
wide scale. As many of the terms used may have competing definitions, Table 1 below provides a succinct 85 
description for the main terms used throughout this study: 86 
 87 
 88 
 89 
 90 
 91 
 92 
 93 
 94 
 95 
 96 
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Table 1. Terms and Definitions 98 
Term Description 
Adoption A single construct combining the concepts of implementation and diffusion (Succar and 
Kassem, 2015). Implementation is considered as a three-phased approach combining an 
organisation’s readiness to adopt; its capability to perform, and its performance 
maturity (Succar and Kassem, 2016)   
  →Point of Adoption This point separates between the capability stages (i.e., pre-BIM, modelling, 
collaboration, and integration) (Succar and Kassem, 2016). It marks the capability jump 
that occurs during the progression between these capability stages.  
  →Adoption Benchmark The application of specialised models and their corresponding tools to systematically 
assess and compare macro BIM adoption across countries   
Diffusion A concept that represents the spread of the system/process within a population of 
adopters 
Implementation The set of activities undertaken to prepare for, deploy or improve specific deliverables 
(products) and their related workflows (processes) 
  →Readiness The pre-implementation status representing the propensity of an organization to adopt 
BIM tools, workflows and protocols. It is expressed as the level of preparation, the 
potential to participate, or the capacity to innovate 
  →Capability The abilities gained during the wilful implementation of BIM tools, workflows and 
protocols. It is achieved through is achieved through well-defined revolutionary stages 
(object-based modelling, model-based collaboration, and network-based integration) 
separated by numerous evolutionary steps (Succar, 2009) 
  →Maturity The gradual and continual improvement in quality, repeatability and predictability 
within available capabilities 
Macro An Organizational Scale representing a large collections of organisational adopters 
operating within a defined national border 
Policy A course or principle of actions adopted or proposed by a policy maker (Economic 
Policy Unit, 2005) 
  →BIM policy 
development 
The set of activities undertaken by a policy maker within a defined market to encourage 
the adoption of BIM tools, workflows and protocols 
3. Methodology 99 
The first part of this research (Paper A) introduced five macro BIM adoption models and described the 100 
process underpinning their conceptual development. The five macro adoption models (Table 1) were 101 
developed for the purpose of (i) analysing existing national BIM policies, and (ii) aiding the development of 102 
new national BIM policies. Table 2 below reintroduces the models and briefly explains their specific uses. 103 
These conceptual constructs are inventions of the human mind allowing the organisation, and promoting 104 
the understanding, of observations (Baldry & Newton, 2001). To validate the conceptual constructs against 105 
‘real world’ situations (Baldry & Newton, 2001), a research process needs to be undertaken. This process, 106 
according to Buckley, Buckley, & Chiang (1976), must (a) be an orderly investigation into a well-defined 107 
problem; (b) apply appropriate scientific methods to gather representative evidence; (c) be based on logical 108 
unbiased reasoning; and (d) yield cumulative results which can be replicated under similar conditions in the 109 
future. 110 
This paper aims to validate the five conceptual constructs by analysing the input of 99 experts from 21 111 
countries (Table 3) who participated in the validation effort throughout 2015 and early 2016. The steps 112 
followed to complete this validation process are briefly explained below: 113 
 114 
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Table 2. List of macro BIM adoption models, matrices, charts and intended use (Succar and Kassem, 2015) 116 
 Model Title Intended Use  Matrix or Chart 
A 
 
Diffusion Areas model  
 
Establish the Extent of BIM Diffusion across 
markets. 
The model overlays BIM Fields (technology, 
process, and policy) and BIM Stages (modelling, 
collaboration, and integration) (Succar, 2009) 
 
 
Diffusion Areas matrix + 
Diffusion Areas sample chart 
B Macro Maturity Components 
model  
 
Assess the BIM maturity of countries holistically 
using a comparative matrix or granularly using 
component-specific metrics. 
The model includes 8 Macro Components: 
Objectives, Stages & Milestones; Champions & 
Drivers; Regulatory Framework; Noteworthy 
Publications; Learning & Education; 
Measurements & Benchmarks; Standardised 
Parts & Deliverables; and Technology 
Infrastructure. 
Macro Maturity matrix  
C 
 
Macro Diffusion Dynamics 
model  
 
Assess and compare the directional pressures 
and mechanisms affecting how diffusion 
unfolds within a population. 
The model includes 3 Diffusion Dynamics: Top-
Down, Middle-Out and Bottom-Up. 3 Pressure 
Mechanisms: Downwards, Upwards and 
Horizontal; and 3 Pressure Types: Coercive, 
Normative, and Mimetic. 
Macro Diffusion Dynamics 
matrix 
D 
 
Policy Actions model  
 
Identify, assess and compare the actions policy 
makers take (or can take) to facilitate market-
wide adoption. 
The model includes 3 Policy Approaches: 
Passive, Active, and Assertive; and 3 Policy 
Activities: Make Aware, Encourage and 
Observe 
 
Policy Actions matrix Error! 
Reference source not found.+ 
Policy Action Patterns sample 
chart Error! Reference source 
not found. 
E 
 
Macro Diffusion 
Responsibilities model  
 
Assess and compare the roles played by 
different stakeholder groups in facilitating 
diffusion within and across markets. 
The model uses BIM Fields to identify 9 Player 
Groups: Policy Makers, Educational Institutions, 
Construction Organizations, Individual 
Practitioners, Technology Developers, 
Technology Service Providers, Industry 
Associations, Communities of Practice, and 
Technology Advocates. 
 
Macro Diffusion 
Responsibilities matrix  
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Table 3. Selected 21 countries and number of experts 117 
Country Participants  Country Participants 
Australia 4  Netherlands 4 
Canada 4  Portugal 10 
China 3  Qatar  6 
Finland 5  Russia  2 
Hong Kong 3  Spain  7 
Malaysia 4  Switzerland  2 
New Zealand 3  United Arab Emirates 3 
Brazil 4  United Kingdom  16 
Ireland 3  United States 5 
Italy 5  South Korea 4 
Mexico  3    
 118 
Three criteria were adopted for the selection of countries: 1. the country has active on-going discussions 119 
about national and international BIM policies, 2. the country has identifiable professionals who are well-120 
informed about national and international BIM policies, and 3. the selected countries are patchily 121 
distributed across all continents. Some countries satisfied the three criteria but were excluded from the 122 
final sample (21 countries) due to the insufficient number of respondents (i.e. less than three) and the 123 
unwillingness of experts to participate in the survey. These countries included Belgium, France, Germany, 124 
Latvia, Norway, Saudi Arabia, South Africa, South Korea and Taiwan.  125 
Starting with an initial set of BIM experts from the researchers’ own network, a combination of the 126 
purposeful sampling and the snowball method were adopted.  127 
The purposeful sampling method (Coyne, 1997) allow the researchers to select only the participants who 128 
possess the traits and qualities necessary to provide meaningful input and reliable assessment of macro 129 
BIM adoption within the select country thus,   fulfilling the research’s stated aims (Koerber and McMichael, 130 
2008). In purposeful sampling the “general rule about the sample size is that quality is more important than 131 
quantity” (Koerber and McMichael, 2008, p. 467). This method allowed the researchers to select the initial 132 
group of participants as (1) belonging to a wide range of organisations - public authorities, educational 133 
institutions, construction organizations, software developers, value-adding resellers, industry associations, 134 
communities of practice, and technology advocates; and (2) actively and publicly involved in high-level BIM 135 
discussions within their respective countries.  136 
To identify pertinent participants, the snowball method (Noy, 2008) helped in the recruitment of a seed 137 
group of participants through direct communication. Participants were then asked – upon completion of 138 
the survey - to assist in recruiting a second group of similarly-qualified participants, who then assisted in 139 
recruiting a third group (Heckathorn, 2015). According to Hippel, Franke, & Prügl, (2009), this recruitment 140 
approach is suitable for identifying well-informed participants with high levels of domain expertise. 141 
It is prudent to clarify the generalisability of the results with regards to each of the two study aims: (A) the 142 
validation of the conceptual models and (B) the assessment and comparison of the BIM policies of the 143 
sample countries. With regards to the first aim, the results from the whole sample (the absolute sample 144 
size of 99 participants) can be used to provide generalizable and valid results. For the second aim, each 145 
country’s participants (relative sample size varying between a minimum of two and a maximum of 16 146 
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participants) input are considered in the results, which are specific to the country. The relative samples of 147 
each country – as presented in this paper - are considered small for quantitative studies.  However, given 148 
the significant scale of the study (21 countries) and its cross-sectional nature – assessment and comparison 149 
of surveyed aspects at a single point in time, a balanced approach between the precision of the results and 150 
the study time has to be made. To further support and expand the data collected to date, additional 151 
responses will be continuously collected - from the 21 countries covered in this study and additional 152 
countries over time – from new participants through a dedicated online tool to be launched in the near 153 
future1.  154 
The approach used to collect data from participants is required to communicate both the conceptual 155 
models and the questions around each of the models in a consistent way to all participants. This is 156 
challenged by the geographical dispersion of participants and the risk misinterpretation due to language 157 
differences. To reduce this communication risk, several tools were adopted. First, a short video explanation 158 
of each macro adoption model was inserted preceding the question set specific to that model. Second, for 159 
participants willing to expand upon the simple video explanation, links to more detailed information – 160 
hosted on a dedicated weblog (http://www.bimframework.info/) – were provided. Third, data collection 161 
forms were first piloted with three experts to ensure the questions posed were understandable, and the 162 
survey instructions were clear. 163 
To avoid central tendency bias caused by extreme response categories (e.g. strongly agree or strongly 164 
disagree)  (Bertram, 2009), both model-specific metrics, and clarity, accuracy and usefulness metrics were 165 
evaluated using a simple five-level index with five generic labels: [a] Low; [b] Medium–low; [c] Medium; [d] 166 
Medium–high; and [e] High. Data collection was conducted using an online form subdivided into five 167 
sections dedicated to the five macro adoption models. Participants were provided the option to exit at the 168 
end of each section.  169 
The number of respondents for each of the model is reported in Table 4 followed by an analysis of data 170 
collected for model-validation purposes. 171 
Table 4. Number of respondents for each model 172 
Model   A  B  C  D  E 
Respondents   99  86  86  86  86 
4. Part I: validation and applications of the models in 21 countries 173 
This section presents the results from subjecting the five Macro-BIM adoption models to validation through 174 
international subject matter experts. After reporting on clarity, accuracy and usefulness of each model, the 175 
remaining sections describe the results derived from applying the five models in assessing BIM adoption 176 
across 21 countries and identifying any communalities, differences and trends.     177 
4.1. Establishing the clarity, accuracy and usefulness of the five models 178 
The participating experts were asked to rate each model for clarity, accuracy and usefulness. Verifying 179 
‘clarity’ establishes whether each model was well-understood by the participating expert; verifying 180 
‘accuracy’ establishes whether each models was perceived to be representative of the concepts they claim 181 
                                                          
1 A dedicated online tool for ongoing data collection will be made available as part of the BIMe Initiative, Macro BIM Adoption 
Project. The data collected through the online too will allow the periodical publication of macro adoption results and the 
generation of interactive tables and comparative charts. For more information, please visit 
http://bimexcellence.org/projects/macro-adoption/ 
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to represent; and verifying ‘usefulness’ establishes whether each model is perceived to fulfil their intended 182 
purpose. 183 
The results from the rating exercise are collated in Table 5-7: 184 
Table 5. Clarity of the five macro-BIM adoption models 185 
  A  B  C  D  E  
HIGH  20%  27%  48%  32%  39%  
MEDIUM-HIGH  61%  45%  41%  43%  49%  
MEDIUM  15%  27%  9%  22%  12%  
MEDIUM-LOW  4%  1%  2%  3%  0%  
LOW  0%  0%  0%  0%  0%  
 186 
Table 6. Accuracy of the five macro-BIM adoption models 187 
  A  B  C  D  E  
HIGH  11%  12%  32%  25%  26%  
MEDIUM-HIGH  37%  53%  43%  37%  51%  
MEDIUM  38%  32%  19%  32%  20%  
MEDIUM-LOW  13%  2%  5%  5%  1%  
LOW  0%  1%  1%  1%  2%  
 188 
Table 7. Usefulness of the five macro-BIM adoption models 189 
  A  B  C  D  E  
HIGH  20%  34%  38%  33%  42%  
MEDIUM-HIGH  48%  46%  33%  32%  32%  
MEDIUM  26%  18%  20%  28%  24%  
MEDIUM-LOW  9%  1%  7%  5%  0%  
LOW  0%  1%  2%  2%  2%  
 190 
The results in Tables 5-7 indicate the highest scores achieved: 191 
 Clarity (Table 5) was rated mostly as Medium-High and High. Combined ratings at the highest two 192 
levels ranged between a minimum of 72% for Model B and a maximum of 88% for Models C and E. 193 
 Accuracy (Table 6) was rated mostly as Medium or Medium-High. Combined ratings at the highest 194 
two levels ranged between a minimum of 48% for Model A and a maximum of 77% for Model E. 195 
 Usefulness (Table 7) was rated as either High or Medium-High. Combined ratings at these two 196 
levels ranged between a minimum of 68% for Model A and a maximum of 80% for Model B.  197 
These scores highlight that – while the models can still be calibrated and improved upon – they have been 198 
perceived by research participants to enjoy relatively high levels of clarity, accuracy and usefulness. 199 
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4.2. Analysis of results for each Model 200 
Each Macro-BIM adoption model is used to assess specific BIM policy aspects (see column ‘Intended Use’ in 201 
Table 2). Research participants, after viewing an optional explanatory video, were asked to rate the BIM 202 
adoption in their respective countries using a five-level index: [a] Low (1 point); [b] Medium–low (2 points); 203 
[c] Medium (3 points); [d] Medium–high (4 points); and [e] High (5 points). The below sections summarises 204 
the findings from applying each model across 21 countries. The overall discussion covering all models is 205 
included in the Conclusion section.  206 
Model A: Comparing the BIM Areas of Diffusion across countries  207 
Model A establishes the extent of BIM Diffusion within markets by overlaying three BIM Fields (technology, 208 
process and policy) with BIM Capability Stages (modelling, collaboration and integration) to generate nine 209 
Diffusion Areas (Succar & Kassem, 2015). The results from the 21 countries are reported in Figure 1:  210 
 211 
Figure 1. The nine Diffusion Areas across the 21 countries 212 
The results reveal an uneven distribution of the Diffusion Rates across countries. For example, in the 213 
Netherlands, the United Kingdom, China, Finland and South Korea, the diffusion is moderately balanced 214 
across all Diffusion Areas.  While in Brazil, Italy, Malaysia, Mexico, Russia, Spain, Switzerland, Qatar and the 215 
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UAE, the diffusion appears unbalanced with some Diffusion Areas missing. A country with either an 216 
unbalanced distribution or missing Diffusion Areas would arguably face different adoption challenges 217 
compared to a country with existing and well-distributed diffusion across the nine areas.  218 
The Diffusion Areas Model aggregates organisational abilities across three BIM capability stages (modelling, 219 
collaboration and integration) and three BIM fields (technology, process and policy). Figure 2 identifies a 220 
common trend across 18 of the 21 countries: a high concentration of low-level capability (modelling) 221 
followed by lower collaboration and integration capabilities.  222 
The standard deviations from the application of this model demonstrated elevated confidence levels:       223 
147 (78%) out of the 189 assessed elements (i.e. nine areas of diffusion across 21 countries) have their 224 
standard deviations within a unit interval on the applied Likert scale. These results are adequate for this 225 
study at its discovery stage and will improve as more data is collected in the future. The highest standard 226 
deviation (i.e. 1.5) is recorded four times: two occurrences in Canada for ‘integration processes’ and 227 
‘integration policies’; one occurrence in the Netherlands for ‘integration processes’; and one occurrence in 228 
Mexico for ‘modelling processes’.  229 
 230 
Figure 2. Capabilities Stages across the 21 countries 231 
Model B: Comparing the Macro Maturity Components across countries  232 
Model B includes eight complementary components to establish the BIM maturity of countries – these are: 233 
Objectives, stages and milestones; Champions and drivers; Regulatory framework; Noteworthy 234 
publications; Learning and education; Measurements and benchmarks; Standardised parts and 235 
deliverables; and Technology infrastructure.  236 
The participants were given the description of the metrics used for the ‘Discovery’ assessment of each 237 
component (a description of the discovery metric relevant to each macro component is available on: 238 
http://www.bimthinkspace.com/2015/01/the-eight-components-of-market-maturity.html). They were 239 
asked to use the description provided to rate the eight components in their respective countries using the 240 
same aforementioned five-level index. 241 
Two sets of ratings are generated from this model – by Country and by Maturity Component. The ratings by 242 
country are shown in Figure 3 and reveal that the United Kingdom displays the highest cumulative maturity; 243 
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followed by China, South Korea, Finland, the Netherland, Spain, and the United States. This highest 244 
cumulative rating of 17.7 pts is still relatively low when compared to the highest possible score of 32 points 245 
(4 points per component).  246 
 247 
Figure 3. Comparative rating of the macro-maturity components across the 21 countries 248 
The index levels (0, 1, 2, 4 and 4) were converted into percentages (0%, 25%, 50%, 75%, 100%) and the 249 
rating by component are shown colour coded in Table 8, which offers a number of findings: 250 
 None of the countries achieved the highest rating across all eight components. The UK has achieved 251 
highest maturity in the largest number of components (five out eight) compared to the other 252 
countries; 253 
 All countries have gaps (white cells) in their macro BIM maturity. For example, Canada has gaps in 254 
four macro maturity components; Switzerland has gaps in five macro maturity components (white 255 
cells); Russia has gaps in three macro maturity components; etc., and 256 
 Most ratings of macro maturity components across the 21 surveyed countries (156 ratings out of 257 
168 ratings – 8 ratings by country) are equal or below 50% which indicates a generalised medium-258 
low maturity worldwide across many components. 259 
Comments received from participants on this model highlighted the need to account for differences in 260 
maturity between the State and Federal Levels.  261 
The confidence level obtained is adequate as evidenced from the standard deviations of the assessed 262 
model’s elements across the 21 countries: 146 (87%) elements out of the 168 assessed elements (i.e. eight 263 
macro components in 21 countries) have their standard deviations within a unit interval on the applied 264 
Likert scale. These results are adequate for this study at its discovery stage and will improve as more data is 265 
collected in the future. The highest standard deviation (i.e. 1.5) is recorded once in Mexico for ‘champions 266 
and drivers’.  267 
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Table 8. Comparison of the ratings (%) of each macro component across the 21 countries 268 
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Australia 13 20 20 20 20 13 33 45 
China 58 43 43 43 50 43 58 43 
Canada 25 25 0 0 0 0 25 38 
Finland  40 50 30 30 40 5 40 50 
Hong Kong  25 43 25 25 43 0 25 33 
Malaysia 20 20 8 8 13 13 20 13 
New Zealand 13 25 13 13 0 25 13 25 
Brazil  8 25 18 18 8 0 25 43 
Ireland  25 43 18 18 68 0 33 25 
Italy  13 25 38 38 25 13 13 38 
Mexico  25 43 25 25 25 18 18 50 
Netherlands  25 50 50 50 38 13 25 50 
Portugal  15 50 23 23 33 20 38 48 
Qatar  20 20 20 20 10 10 25 40 
Russia  25 25 0 0 0 13 13 38 
Spain  33 45 25 25 33 25 33 43 
Switzerland  0 25 0 0 25 0 0 75 
UAE  18 25 18 18 25 0 8 33 
UK  65 63 58 58 45 38 48 65 
USA  20 40 35 35 30 15 25 60 
South Korea 25 58 43 43 43 18 25 68 
Model C: Comparing Diffusion Dynamics across countries  269 
Model C explains how diffusion occurs within a population of adopters. It identifies three diffusion 270 
dynamics (i.e., Top-down, Bottom-up and Middle-out) which embody a combination of directional 271 
mechanics (i.e., Downward, Upward and Horizontal) and isomorphic pressures (i.e., Coercive, Mimetic and 272 
Normative).  These dynamics allow innovation to contagiously pass from ‘transmitters’ to ‘adopters’ 273 
(Strang, 1991) (DiMaggio & Powell, 1983) (Cao et al., 2014).   274 
Survey participants were asked to identify the diffusion dynamic driving BIM innovation within their 275 
respective countries, at the time of the survey. Their responses are summarised in Table 9 indicating the 276 
prevalence of the Middle-out dynamic (16 countries or 76% of the sample – Table 9). As discussed in Paper 277 
A, the expression of a Middle-out dynamic occurs when large and influential organisations (e.g. large 278 
construction companies or large public and private procurers) first adopt BIM internally and then push for a 279 
similar adoption downwards into their supply chain; upwards into regulatory bodies; and – due to mimetic 280 
pressures - horizontally into similarly large organisations.  281 
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While the prevalence of the Middle-out dynamic is clear by the data collected, it is important to note that 282 
diffusion dynamics may change over time. This is highlighted by the survey participants from Brazil who 283 
clarified that - in their market - BIM was first adopted by small architectural firms and gradually diffused 284 
upwards into large engineering and contracting organisations, which then caused a formal adoption by 285 
some of the states and the federal governments. Following that Bottom-up diffusion dynamic, the federal 286 
government started to encourage a BIM adoption by smaller market players thus expressing a Top-down 287 
dynamic. Spain was also witnessing a similar diffusion dynamic at the time of the survey. It is also possible 288 
that different diffusion dynamics may be expressed concurrently as explained by a participant from the 289 
United States: a Middle-out dynamic was clear when the General Services Administration (GSA), US Army 290 
Corps of Engineers, Veterans Affairs and many others were encouraging their supply chains to adopt their 291 
BIM guides and protocols (Kassem, Succar and Dawood, 2015). At the same time, a Bottom-up dynamic was 292 
being expressed by a large number of small design consultancy firms which adopted BIM tools and 293 
workflows internally and then encouraged their adoption upwards by large contractual firms. 294 
According to the participants, a Top-down diffusion dynamic is currently expressed in three countries - 295 
Hong Kong, the United Arab Emirates and the United Kingdom - due to their currently enforced BIM 296 
adoption mandates. 297 
Table 9. Current diffusion dynamics in 21 countries 298 
 
Top  
Down 
Middle- 
out 
Bottom- 
up 
  Top  
Down 
Middle- 
out 
Bottom- 
up 
Australia     New Zealand      
Brazil       Portugal      
Canada     Qatar      
China       Russia      
Finland       South Korea      
Hong Kong       Spain      
Ireland       Switzerland      
Italy       UAE      
Malaysia       UK      
Mexico      USA      
Netherlands           
Model D: Comparing Policy Actions across countries  299 
Model D identifies the actions policy makers take (or can take) to facilitate market-wide adoption of an 300 
innovative system/process. The model establishes nine actions through mapping three implementation 301 
activities (communicate, engage and monitor) against three implementation approaches (passive, active 302 
and assertive). Using the model, research participants were asked to select three actions that best 303 
represent the approach taken by their respective policy makers. The selections helped identify a number of 304 
patterns (Table 10): 305 
 Pattern 1 – fully passive: A1 (Make Aware), B1 (Encourage) and C1 (Observe). This pattern applied 306 
in 14 countries: Australia, Brazil, Canada, Ireland, Italy, Malaysia, Mexico, New Zealand, Portugal, 307 
Qatar, Russia, Spain, Switzerland and the United Arab Emirates. 308 
 Pattern 2 – mostly passive: A2 (Educate), B1 (Encourage) and C1 (Observe). This pattern was 309 
identified in five countries: China, Finland, Hong Kong, South Korea and the USA. 310 
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 Pattern 3 – mostly active:  combining either A2 (Educate), B2 (Incentivise) and C1 (Observe) or A2 311 
(Educate), B3 (Enforce) and C2 (Track). These combined two patterns were found in two countries, 312 
the Netherlands - combining active and passive approaches – and the UK – combining active and 313 
assertive approaches. 314 
According to the data collected, the model identifies a number of common policy-action patterns. The 315 
coexistence of different patterns highlight how policy actions differ from one country to another and that 316 
policy makers may influence the adoption of innovative solutions through “a judicious mix of information 317 
provision and subsidies” (Geroski, 2000, p. 621).  318 
When the results of this model are seen in conjunction with those of model C, a clearer picture of the 319 
diffusion dynamics can be established. A top down dynamic (e.g. a mandate) identified in model C should 320 
not be confused with an assertive approach in model D. For example, a top down dynamic in Model C (e.g., 321 
mandate) could still result in a fully passive approach depending on the actions undertaken by policy 322 
makers. This was witnessed in the case Hong Kong and the UAE. In both countries, while model C identified 323 
a top-down diffusion dynamic, model D identified a fully passive approach (A1: Make Aware, B1: Encourage 324 
and C1: Observe). From a theoretical perspective, it is important to understand the effect of or the 325 
relationships between different policy activities and approaches and resultant BIM diffusion dynamics. This 326 
is a research gap that warrants attention.   327 
Table 10. Policy action types across the 21 countries 328 
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Australia          
Brazil          
Canada          
China          
Finland          
Hong Kong          
Ireland          
Italy          
Malaysia          
Mexico          
Netherlands          
New Zealand          
Portugal          
Qatar          
Russia          
South Korea          
Spain          
Switzerland          
UAE          
UK          
USA          
Action type Frequency  14 7 0 20 1 1 20 1 0 
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Model E: Comparing Player Group Responsibilities across countries  329 
Model E enables the assessment and comparison of the roles played by different stakeholder groups in 330 
facilitating diffusion within and across markets. The model identifies nine BIM player types (stakeholders) 331 
distributed across three BIM fields - technology, process and policy (Succar, 2009): authorities, construction 332 
organizations, software developers, educational institutions, individuals, value-adding resellers, industry 333 
associations, communities of practice, and technology advocates. Using a five-level scale, research 334 
participants were asked to rate the involvement of the eight stakeholder in facilitating or encouraging BIM 335 
diffusion in their respective countries. The results compare the diffusion activities of a number of player 336 
groups within the same market (Figure 4); and compare the BIM diffusion activities of players pertaining to 337 
the same group across different markets (Table 11).  338 
 339 
Figure 4. Comparing the role of the eight stakeholders within each country 340 
 341 
Figure 4 shows that the involvement of the eight stakeholders in facilitating and encouraging BIM diffusion 342 
varies across countries. The chart highlights how in the Netherlands, South Korea, Hong Kong, China and 343 
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the United Kingdom – stakeholders play a balanced role. It also indicates that the Netherlands is the only 344 
country where all eight stakeholders achieved an above medium score.  345 
Table 10 compares role of each player type across the 21 countries. It is evident from the results that, with 346 
the exception of ‘Technology Developers’ who play a significant role in most countries, there is not a player 347 
type that play a predominant role across all countries. Also the results from this model warrant further 348 
investigation by researchers. In particular, there is a need to understand the relationships between the role 349 
played by the player types (Model E), under different policy action types (Model D) and the resultant 350 
diffusion dynamics (Model C).   351 
The standard deviations from the application of this model demonstrated elevated confidence levels:       352 
134 (80%) out of the 168 assessed elements (i.e. role of eight player groups in 21 countries) were within a 353 
unit interval on the applied Likert scale. These results are adequate for this study at its discovery stage and 354 
will improve as more data is collected in the future. The highest standard deviation (i.e. 1.7) is recorded 355 
four times: one occurrence in Hong Kong for ‘educational institutions’; two occurrences in Italy for 356 
‘technology developers’ and ‘technology service providers’ ; and one occurrence in Korea for ‘technology 357 
advocate’.   358 
Table 11. Comparing the rated contribution (%) of each stakeholder to BIM diffusion across the 21 countries 359 
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Australia 25 25 50 88 75 63 63 88 
Canada 8 18 43 75 75 18 68 68 
China 68 58 83 93 83 58 50 58 
Finland 20 25 70 75 75 50 95 100 
Hong Kong 68 50 50 93 75 50 68 68 
Malaysia 43 33 33 75 75 25 50 58 
New Zealand 13 50 13 63 75 0 25 63 
Brazil 45 38 45 83 70 50 38 58 
Ireland 8 83 68 100 83 83 75 68 
Italy 0 58 25 45 45 33 38 33 
Mexico 25 68 75 93 83 75 68 83 
Netherlands 83 83 75 93 93 83 93 83 
Portugal 0 45 25 58 55 43 58 33 
Qatar 20 45 63 58 50 50 68 63 
Russia 25 13 25 100 88 50 13 13 
Spain 40 43 33 60 53 50 53 48 
Switzerland 0 75 50 50 50 50 50 75 
UAE 50 25 58 93 83 50 75 83 
UK 85 58 63 83 73 58 55 70 
USA 25 50 85 95 80 65 75 70 
South Korea 33 68 50 58 83 58 50 75 
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4.3. Discussion of results  360 
The application of model A (Diffusion Areas model) showed that the nine areas of diffusion vary within the 361 
same country and across countries. However, a general trend appeared with the highest rates scored in 362 
modelling diffusion areas (low capability stage) followed by lower rates in collaboration (medium capability 363 
stage) and integration (high capability stage) diffusion areas. This finding provides the empirical evidence 364 
for the gradual progression across the revolutionary BIM capability stages developed by Succar (2009), and 365 
subsequently expanded in Succar (2010) and Succar and Kassem (2016). This model can be used in a 366 
national BIM policy to establish diffusion levels of staged capability milestones within a market (e.g. by 367 
2016: 50% diffusion rate of modelling capabilities, 30 % diffusion rate of collaboration capabilities, 20% 368 
diffusion rate of integration capabilities). This is a more detailed and measurable approach than the 369 
broadly-defined whole-market milestones introduced in a number of countries (e.g., Level 2 BIM in the UK). 370 
The application of model C (Diffusion Dynamics model) showed that BIM diffusion unfolds according to 371 
different dynamics in the 21 selected countries, with the ‘middle-out’ dynamic being the prevalent 372 
dynamic. This is a significant finding as the middle out dynamic is infrequently acknowledged and identified 373 
in innovation adoption studies.  The different diffusion dynamics are interdependent and should not be 374 
considered in isolation. An innovation which is being diffused at among small organisations (bottom tier) 375 
can move all the way up the chain to government bodies (top tier). From the additional comments by 376 
respondent, this situation was witnessed in Spain where small architectural and engineering organisations 377 
adopted BIM and then, the diffusion unfolded upwards to large engineering and contractor organisations, 378 
who are now conveying it upwards to large regional and central government bodies. This difference in 379 
diffusion dynamic across countries is associated with a variety of market-driven and social variables (Di 380 
Maggio and Powell, 1983; Young, 2009; Cao et al., 2014).  Some recent investigation  based on small 381 
number of case studies, suggest economic insights (i.e. transaction costs), value (i.e. trust and reputation) 382 
and social learning have impact on the adoption of BIM collaborative working in construction industry 383 
(RICS, 2015). BIM-specific investigations of the relationship between market-driven and social variables and 384 
BIM diffusion is still an under-investigated area and deserve more attention from the research community.  385 
Model D (Policy Actions model) showed that the types of policy actions, undertaken by policy makers for 386 
BIM diffusion, vary between countries. In the majority of counties (14 out of 21), the approach to all three 387 
implementation activities (i.e., communicate, engage and monitor) is considered passive. In other 388 
countries, policy makers have combined both the passive and active approach. Only in the UK, the 389 
approach consisted of only active and assertive actions. These mixed approaches adopted by policy makers 390 
conform to finding in diffusion innovation studies where the adoption of innovative solution occur through 391 
“a judicious mix of information provision and subsidies” (Geroski, 2000, p. 621). The impact of the different 392 
policy actions - and their related tasks - under the three different approaches (i.e. passive, active, and 393 
assertive) on BIM diffusion is an uncharted area that requires attention from research community. It is also 394 
valuable to conduct such an investigation in markets with varying diffusion dynamics as the same policy 395 
actions could have varying effects under different dynamics.  396 
The application of model E (Macro Diffusion Responsibilities model) demonstrated that the Macro BIM 397 
diffusion is a whole-market dynamic that requires efforts from all stakeholders although their contribution 398 
varies across countries. This finding is also supported with evidence in prior studies on innovation diffusion. 399 
The role of any stakeholder and actor in innovation diffusion should not be neglected (Latour, 1987) as the 400 
spread of innovations occur in networks of actors and stakeholders (Linderoth, 2010).  401 
While the need for a joint responsibility for BIM diffusion is an opportunity to involve the different player 402 
groups, it presents some key challenges to the development and implementation of national BIM policies 403 
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especially when the policy development effort is not coordinated centrally. Such challenges include: the risk 404 
of implementation gap in the BIM diffusion process; the risk of duplication of efforts and the generation of 405 
overlapping deliverables, and the risk of limited engagement by some stakeholders. The next section will 406 
demonstrate how the identified challenges can be addressed while using the Macro-Adoption models and 407 
their corresponding tools for policy development purpose (e.g. development of national BIM roadmap.  408 
5. Part II: Using the Models to develop BIM policy plans and templates 409 
The application of the models and their tools to assess and benchmark the 21 selected countries showed 410 
their ability to successfully assess and benchmark national BIM policies. Following their validation with 99 411 
experts from 21 countries, the model can now be exploited to promote learning about BIM policy making 412 
across countries. The assessment and benchmark provides the foundation to learn about a specific and 413 
individual macro adoption topic of a country and the result can be used in the development of the BIM 414 
policy of another country as demonstrated in a brief example in the discussion section. However, to benefit 415 
from macro adoption models in the development of national BIM policies, further plans/workflows, tools 416 
and templates for macro BIM policy development are required. This section proposes a Policy Development 417 
Plan, a tool for planning macro diffusion responsibilities and a template of a BIM roadmap.   418 
The proposed Policy Development Plan has three key phases which are the Initiation phase, the 419 
Consultation phase and the Execution phase.  420 
Initiation Phase 421 
The Initiation Phase (Figure 5) aims to establish both the Task Group and the seed BIM Framework that will 422 
guide the national BIM policy. The Task Group will be the key driver who will coordinate the delivery of the 423 
national BIM policy. In this phase, models B, C and D are respectively used to, assess worldwide efforts, 424 
identify the market-specific diffusion dynamic, and establish a policy approach. If the approach of another 425 
country is emulated in the development of the seed BIM framework, it is important to ensure legitimacy to 426 
the country’s context and ecosystem. Policy effectiveness, receptivity, and response are tightly coupled 427 
with the degree to which policies are crafted for the contexts in which they are being applied (Jentoft, 428 
2004; Ostrom, 1990, 2005; Young, 2002). 429 
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 430 
Figure 5. The Initiation Phase of the Policy Development Plan 431 
 432 
 433 
Consultation Phase 434 
The Consultation Phase (Figure 6) aims to communicate the vision, the Task Group Mandate and the seed 435 
BIM Framework to the industry and ensure engagement. At this stage, the seed BIM framework is refined 436 
and converted into a roadmap and the responsibilities for each of the roadmap items are assigned to 437 
selected stakeholders. A template for developing the roadmap is provided in Figure 8. This roadmap is built 438 
by assigning a timeline – including key dates and milestones - against the eight macro-components of 439 
Model B. Then, each policy deliverable required for the roadmap is linked to a milestone and assigned to a 440 
selected stakeholder. A Diffusion Role matrix (Figure 9) can be used to assign responsibilities to selected 441 
stakeholders for each of the planned deliverables. This sample Diffusion-Role Matrix clarifies who is doing 442 
what (diffusion assessment – as performed in the presented survey) or who should be doing what (diffusion 443 
planning). Three different roles are envisaged for different stakeholders:  444 
 [A] Leading Role played by those responsible for initiating, developing and maintaining a structured 445 
diffusion effort (e.g. developing a strategy, a standard or a data-validation tool); 446 
 [B] Supporting Role played by those assisting the Leading Role to communicate and engage with 447 
other players, and in delivering diffusion components; and 448 
 [C] Participating Role played by early adopters of innovative systems/processes. 449 
These Player Roles are neither exclusive nor permanent. A macro diffusion component (e.g. Regulatory 450 
Framework) can be led by more than one player, and the Leading Role may pass from one player to another 451 
over time. Also, a Leading Role may be played by any player type. For example, developing the overall BIM 452 
Objectives, Strategy and Milestones (Component I in model B) may be led by a Policy Maker (e.g. BCA in 453 
1.1  Establish a Task Group
Develop 
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Develop a structure for 
the task group and 
establish how it will operate
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Singapore) and/or by a Technology Advocate (e.g. buildingSMART in Spain). In essence, the participation 454 
and distribution of Player Roles among Player Groups depends on market-specific organisational culture, 455 
macro diffusion dynamics, and policy implementation approaches.  456 
This Diffusion Role matrix contributes to the establishment of a coordinated diffusion effort in which 457 
duplication is minimised; potential diffusion gaps are avoided, and stakeholders’ participation is 458 
encouraged.  459 
At the consultation phase, an initial decision whether to adopt an existing (e.g. an international standard), 460 
adapt (tailor to market requirements) or develop a new policy deliverable is made for each planned policy 461 
deliverable. This phase concludes with the publication of the roadmap which is ready for the execution 462 
phase.  463 
 464 
Figure 6. The Consultation Phase of the Policy Development Plan 465 
Execution Phase 466 
The Execution Phase (Figure 7) initiates pilot programmes to test the policy deliverables. For example, a 467 
request for tender for a project that requires fulfilling a specific compliance milestone (e.g. UK Level 2), 468 
Employer Information Requirements and/or performance milestone (e.g. Capability Stage 2, Maturity Level 469 
c) is issued to test the supporting standards and protocols. Training programmes for public procurers are 470 
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developed and delivered at this stage. An extensive campaign of encouraging and supporting industry 471 
groups around the BIM policy framework is executed. Two key industry groups that must be engaged at this 472 
stage are the User Groups (Communities of Interest) and the Education Task Group. The User Group 473 
engages in sharing knowledge, testing standards and developing best practice protocols. The Education 474 
Task Group engages in developing competency lists, learning frameworks and modules. All activities and 475 
deliverables (e.g., BIM-centric Procurement Guide, model contract clauses or templates, competency and 476 
model use inventories, BIM certification and accreditation programmes, etc.) included in the roadmap 477 
developed at the Consultation phase are delivered – developed and tested – at this phase.  478 
In policy development guides, the review and evaluation is often positioned as a distinct phase at the end 479 
of the policy development cycle. In the proposed Policy Development Plan, the review and evaluation 480 
activities are embedded across the whole policy development lifecycle from initiation, through 481 
consultation, to execution. This is important as new policies must have evaluation of their effectiveness 482 
built in from the start (Economic Policy Unit, 2005). At the initiation phase, the adequacy of the established 483 
Task Group and the resources available to them are evaluated with the support of experts. At the 484 
consultation phase, both the seed BIM Framework and the Roadmap are extensively evaluated with 485 
industry groups in terms of their feasibility and impact. Finally, at the execution phase, all policy 486 
deliverables are assessed with the corresponding industry groups and feedback is collated to improve such 487 
deliverables.  488 
 489 
Figure 7. The Execution Phase of the Policy Development Plan 490 
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 491 
Figure 8. Template for developing a national BIM roadmap 492 
 493 
 494 
Figure 9. A template for assessment and planning of Diffusion Roles 495 
6. Conclusion 496 
Understanding and facilitating BIM adoption across markets is of increasing interest to policy makers 497 
researchers and other construction industry stakeholders. The three key challenges in this area are: the lack 498 
of models and tools that support policy makers in developing adoption policies, the lack of benchmarks to 499 
assess and comparing whole markets, and the dearth of guides for macro-BIM policy development. Paper A 500 
(Succar and Kassem, 2015) addressed the first challenge by providing the five conceptual Macro-BIM 501 
adoption models that help policy makers to assess an existing policy effort or develop a new one. This 502 
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paper (paper B) addressed the remaining two challenges by (i) validating the five models with the 503 
participation of 99 experts from 21 countries and (ii) applying the five models in assessing and comparing 504 
the national BIM policies across 21 countries. 505 
As the data revealed, the five models enjoy high levels of ‘clarity’, ‘accuracy’ and ‘usefulness’. More 506 
specifically, Model A (Diffusion Areas model) showed varying rates for its nine diffusion areas within the 507 
same country and across countries. It also demonstrated that, in most countries, diffusion occurs according 508 
to a staged approach where high diffusion rates were concentrated in modelling capabilities followed by 509 
collaboration and integration capabilities. This empirically demonstrated the concept of progression across 510 
the revolutionary stages (object-based modelling, model-based collaboration, and network-based 511 
integration) presented in Succar (2009). 512 
Model B (Macro Maturity Components model) showed that there is not any individual country that has 513 
higher maturity than the other countries in more than three topics of the eight macro adoption topics. It 514 
also identified specific gaps – or topics – in the national BIM policy of several countries that would have 515 
remained uncovered by survey approaches that have been used to date in academia and practice. 516 
Model C (Macro Diffusion Dynamics model) identified varying diffusion dynamics across the 21 countries 517 
with the prevalence of the middle-out diffusion dynamic, identified in 14 countries.  518 
Model D (Policy Actions model) identified varying policy actions across countries with a predominance of 519 
the passive policy approach. Model E (Macro Diffusion Responsibilities model) assessed and compared the 520 
distribution of diffusion responsibilities among player groups within the same country and across countries. 521 
In some countries, there are different player groups leading the diffusion effort. In other countries, there is 522 
a joint and balanced diffusion responsibility among the player groups. 523 
The application of the models identified a number research gaps that require further attention from the 524 
research team and the research community in general. The gaps include the need to undertake (a) macro 525 
BIM studies to investigate the relationships between BIM diffusion and market-driven social variables; and 526 
(b) macro BIM studies that analyse the impact or effect of the different policy actions in markets with 527 
different diffusion dynamics.  528 
While the models can promote the learning about BIM policy development among countries through their 529 
capability of structuring macro adoption topics and isolating the topic of interest, there still need to 530 
facilitate their use by policy makers. In particular, a policy development guide and a number of templates 531 
are needed. In the second part, an initial Policy Development Plan, a BIM roadmap template, and Diffusion 532 
Role Matrix were presented to fulfil this need. The Policy Development Plan has three interlinked phases 533 
that enable the development of structured national BIM initiatives. The Macro-BIM adoption models and 534 
their corresponding tools are used at different steps across the three phases of the Policy Development 535 
Plan. Together the Policy Development Plan and the accompanying templates will contribute towards the 536 
development of structured national BIM policies that have no diffusion gaps or overlap between their 537 
deliverables.  538 
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